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REFERENCE: Benenson, H., '"Statistical Procedure for Reducing Time
and Samples in Laboratory Corrosion Tests of Steel in Concrete",
State of California, Department of Public Works, Division of
Highways, Materials and Research Department. Research Report
October, 1969.

ABSTRACT:

An analytical procedure was developed that will permit a
test to be curtailed after a given percentage of the samples have
been tested or when the test is stopped after a specified number of
days. The analysis that was mathematically derived was applied to
eight sets of data supplied by the Materials and Research Department.
The analysis provided for maximum likelihood estimates of the mean
and standard deviation from a censored normal population as well as
estimates of the variance of the mean and standard deviation. These
estimates permitted comparison of the maximum error expected from
a 100 percent sample to the maximum error expected from reduced
sampling of 75, 50 and 25 percent. In addition, the number of speci-
mens required to compensate for the reduced samples was determined.

It was found in applying the method to the eight sets of
data that excellent correlation was obtained, especially at levels
greater than 50 percent of the sample. A bimodal normal distri-
bution was detected in the data and a correction was developed and
may be applied if such a correction is desired. However, typical
testing variation has the same magnitude as the correction, making
the correction unnecessary. The procedure was applied to one set
of the data to illustrate and provide training to the personnel
in the Materials and Research Department.

Key Words : Statistical Analysis, statistical sampling, predictions,
Sample size.
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equivalent to the 100 percent sample results. These objectives.
were all satisfactorily completed during the course of the study.
An example is included to illustrate the procedure,
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SUMMARY AND CONCLUSIONS

The analysis procedure and mathematical derivation that
were requested were completed and are enclosed in this report.
Tables necessary to support the analysis and reduce tedious com-
putations are tabulated and presented herewith. The results of
the analysis show that for samples of 20 specimens, a 25 percent
reduction in testing time can be accomplished by an addition of
only four specimens while a 50 percent reduction in testing time
will require approximately 25 additional specimens tO provide

equivalent results to those obtained from 100 percent full-time
tests. ‘ :

When the procedure was applied to the test data,
excellent correlation was obtained with the observed error being
approximately 20 to 50 percent of the computed maximum 95 percent
confidence error level for the 100 percent sample. The test
data showed that curtailing testing at 50 percent of normal time
is entirely feasible with errors of only one day observed in
estimating the mean of the population when samples are under 100-
day duration and approximately 5 percent for periods longer than
100 days. Some of the error observed was attributed to a bimodal
normal  distribution that characterized the data. A correction
curve was established. However, for samples with less than 50
percent curtailment, little error is discernible.

_ Eight sets of data were supplied by the Materials and
Research Department in order to verify the procedure. The results
of the analysis indicated that approximately 50 percent of the
testing can be curtailed, resulting in substantial savings in

test time, personnel time, and permitting decisions to be made
much faster.
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TEGHNICAL'DISCUSSION

sample. For the problem presented.by the Materialg and Research
Department, it was desired that the test be conducted for g given

-, number of days, or for that Period of time when data have been

- collected for 4 fixed Percentage of the Sample, ' When this elapsed
time igs reached, the test ig terminated, Thus, the remaining
samples can only be counted, To obtain g Procedure to permict
restricting or censoring the-sample, 1t is Necessary to establigh
the underlying distribution of the data, From thig distribution,
it ig pPossible to mathematically derive estimates of the para-
meters that characterize_this distribution, For censored sampleg,

derivation, The underlying-distribution Was assumed to be normal,
an- assumption that wag borne. out ip the test results, The esti-
‘mates of the mean and standgrd deviation were. determined using
maximum likelihood techniques, Depending on the method uged for -
derivation, two possible-procedures can be uged, Both procedureg

method ig referenced inp the illustration. Also, for‘completeness,
2 procedure ig inecluded for cases where the totra] sample sige is
ten or lesg since the basic-procedure.assumes sample sizeg greater

and interpretation. Concluding the teport -will be the mathematical
derivation for censored samples from normgl distributions.‘
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- APPLICATION

1. Proéedure for Estimating
. Population Parameters from
Reduced Samples :

Given a sample of n specimens of which k of the specimens

_are to be tested to termination. The test will be terminated when

either a predeterfnined ime Xy has‘been-reached, or a given per-
centage of the sample ‘.(%) has been tested. Either of the two
criteria must be established prior to testing. The analysis pro-
cedure; 1s gimilar for pboth criteria. . The following procedure

will be used to egtimate the mean and gtandard deviation:

1, GCompute the mean (X) and the standard deviation (8) from
the censored sample of k values where

x- (2 %)/ s &3 (=R

L=l

2. Determine @ = X -X and a% = Fy - ﬁ)z where X is the
perminal 1evel of tésting (in days) .

3, - Gompute ¥ = SZ/(SZ+ dz) ‘and p = k/n where k of the n
..{_specimens«were rested to-the time of curtailment.

4 'Refler to Table I .and determine z - which ;g a function of ¢
-and p.

5, Determine the estimate of the population medn (4 ) and
-‘_;"population standdrd deviation from the following relations:
’ A

A =X * (5-2482)/d
&r=d/z h

Sigma (¢) must bezcom?uted-before ,a’{\ . The (™) refers to

 population parameters estimated from sample data.

6., Plot population estimates on-probability paper by locating
the 4 at the 30 percent probabiliiar point and 4 +&) at the
.- 84 percent probability pointiand (4 -%)at the 16 percent
' probability, point. Connect the three' points which are on a
straight line. : '

7. 95% confidence limits: are 4 + 1.96 K /% where K is ob-
tained from Figure:3 and & and & are obtained from Step S-
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IT., Comparison of Reduced  (Censored)
- Samples to 1007 Sample
. F :

Reference (1) compares the maximum error as a percentage
of the mean vs. number of specimens for different values of co-
efficient of variation. The censored samples are compared on
the same basis as shown in Figures 1 and 2., Maximum error can
be shown to be equal to @/ (Xvm) or (CV)/vA and for 95 percent con-
fidence assuming normal distribution with known standard deviation,
the maximum error is 1.96 (CV)/¥f. Therefore, parallel lines can
be drawn on log log scales as shown for the 100 percent samples
of Figures 1 and 2, ‘Where reduced sampling is used, the minimum
error at the 95 percent confidence level is 1.96 k(CV) /71 where
k is the curtailment factor applied to censored sampling. Figure
3 shows the relation of k as a function of the percentage sampled.
These data are also tabulated in Table II in the ujjl (gl‘column. Three
points were selected from Figure 3 and superimposed on Figures 1
and 2. Thus, it can be seen in Figures 1 and 2 that a 75 percent
sample represents an almost insignificant increase in the 95 per-
cent confidence maximum error band at sample sizes greater than
20 and a.sample 50 percent shows a reasonable and acceptable
number of specimens for test. Another useful conclusion can be
extracted from Figures 1 and 2 which specifies the number of speci-
mens from reduced testing that must be tested to yield the same
maximum error that would be obtained from a 100 percent sample
test. These analyses are limited to the 95 percent confidence
level. The results are as follows: ' C

- Number of Specimens Needed for Given Test
Percentage Using 1007% Sample as 20 Specimens

Coefficient of Testing Percentage
Variation 100% 75% 507 25%
60% 20 23 42 340
30% - 20 24 50 400

Again the conclusion can-be made that based on theoretical
analyses, a 75 percent sample would require only an increase of four
specimens while a 50 percent sample would require a 30 specimen
increase to obtain equivalent testing results.

ITT, Application of Procedure to

- Test Results '

The procedure was applied to 5-sack moist.data. It was
assumed that the test was curtailed at 50% of the 20 samples which
is also equivalent to 50 days. Therefore, n = 20, k = 10, and

' Xk= 50.

www . fastio.com
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k
= (& X3)/k = 381/10 = 38,1
1=1.- . 7

-/’S—Z = 6.07

]

‘k '
- 3% - X)? /k = 368.9/10 = 36.89; S
i= :

Stepfﬁ o )
. d= X -%) = 50 -38.1 = 11.9 d=(x_ - D% = 141.61
" Step 3 = 8° /(sZ+d )=(36. 89)/(36 89+141.61) = .207
p = k/n = 10/20 =0.50
Step 4
| When p = 0.50
g = 0.20,2= 0.9262  Therefore, forg= 0.207,
| .z = 0.9206
and, ¢ = 0,25 z= 0.8865
Step 5

&= d/z = 11,90/0.9206 = 12,93 days
4= % (P-57)/d = 38.10 + (12.93% - 36.89)/11.9=49.05 days
The 100 percent values of .« and ¢ computed from the 20 specimens

are: ,
A= 48.25 days, o= 11.94 days

- Step 6

The plot is shown in Figure 4 along with the 100% values

ClihPD www.fastio.com
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50% Sample &= 49,05 at-50% probability
A+ a‘ ;'61,98'a£ 84%.§robébility.
| 4 & = 36.12 at 167 probability
100% Sample .4 = 48.25  at:50% proﬁabilitj_
' M4 =w6.d._1":9' at 84%_ prdbabii"ity

4 -0 = 36,13 at 16% probability
It can be noted. that the différence‘ié 1éss ﬁhan one day.
~ Step 7 _ |
The 95% confidence interval can be determined from
A4+ 1.9 K& where k is determined from Table II ‘A, (k') for
p= 0.50. Thé'confidence limits are: |
49.05+1.96x1.52x g2 = 49.05 + 8.53 |
or the 95% confidence limits are between 40,52 to 57.58 days.

IV. Application and Interpretation
of the Test Data Results ‘

Eight sets of test data were supplied by the Materials

- and Research Department. The data represent elapsed time when a
potential jump occurs. A specimen is measured for voltage poten-
tial. At a specific time during the testing program, an abrupt
change from an apparently passive potential to an active potential
is observed. The time in days when this event occurs, constitutes
the data for the analysis. Table III summarizes the specimen in
rank order of testing and also the termination points that were
evaluated for each sample. As explained in the mathematical sec-
tion of this report, two methods of analysis are available, so
both methods were applied to, this data, ' The results of the analy-
sis are shown in Table IV. An error analysis showing the coeffi
cient of variatiom, the standard error of 4 and the standard
error of & is shown in Table V. :

To interpret the data, it can be seen that when low
‘percentages of samples are tested, large errors occur, However,
the errors from the test data are all less than the true average

ClhibPDFE - www .fastio.com I L
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“and standard deviation, This‘fact is shown in Figure 5. 1In

fact, the data are sufficiently repeatable so that a correction
factor can be applied at percentage levels less than 50 percent.

'With this correction curve, the 100 percent average could be

estimated within two days. After the 50 percent sampling point,
no correction is required, although a bias of + 0.5 days can be

applied at the 40-50 percent sampling range. The cause for this

error can be traced to essentially two normal distributions with
distinct and different means and standard deviations. A histo-
gram is presented in Figure 6 to demonstrate this fact. The

data are also shown on probability paper in Figure 7 to illus-
trate the two distributions, Therefore, at low percentage sampling
levels, only the first distribution is estimated. However, when

50 percent sampling or greater is used, the influence of bimodal
normal distribution is not significantly indicated.

- Reference is made to the 7-sack, steam sample. The
last sample took 326 days which was 119 days longer than the
19th sample. This type. of testing is very unusual and leads -one
to suspect that this last specimen is one not belonging to the
population of the first 19 values. Where the data are plotted
on probability paper, this value is usually given little weight
when estimating the underlying normal distribution, In this case
the reduced sample gave estimateé that were better than the esti-
mates from the 100 percent sample since the last value caused a
higher mean of 6 days and a higher standard deviation of 17 days

-when in actuality it should not have been considered. Also, a

60 percent sample in this_ instance would have saved 176 days of
testing, which is obviously a significant saving.

‘ A comparison of the standard error of the mean and
staqdard deviafion as seen in Table VI shows that these values
are well within the maximum error that might be expected from
censored samples. In these cases, the data compares favorably

to: the theoretical.

< Conclusions

The use of censored testing has been shown to be applic-
able to the test results and especially with a 50 percent sample
or greater, could result in substantial savings in dollars, man-
power, and time?. : .. It is recommended that the procedure be
used. As seen in Figuwe 5, ,the errors in estimating the mean and
standard deviation are within the realm of testing error.

www fastio.com
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ANALYSIS OF CENSORED DATA FOR SMALL
SAMPLES FROM NORMAL DISTRIBUTION

When samples are ten oY less, the techniques described
in this report become ijnefficient and should not be used. A pro-
cedure is presented herewith in which linear methods can be used..
Consider testing n specimens and the testing halted after k samples
have been tested. Thus n-k samples are known to be greater than
X, . .The equations for estimating the population mean and standard
dEviation,are i \ : Lo

2 - 2. .n
8:

The coefficients of *1i - and O 21 used in estimating 4
"and @ are obtained from Table VII..To illustrate the rocedure,
consider the following ordered observations in which the first seven of
ten. samples is to be used,  The data in the illustration repre- .
sents propellant samples that were subjected to a constant applied
strain, The logarithm of this variate is assumed to be normally
distributed., Tt is desired to estimate the mean time to rupture

and the standard deviation of rupture time.

Ordered
Observation _
S Yi LoglOYi ~ Coefficients
' ' 11 ' 21
1 41 1.613 . 02442821 . =.32524451
2 4L 1.644 . ,06355637 -,17575100
3 46 : 1.663 .08178041 -.10578536
4 54 1.732 : .09616208 -,05017756
5 55 ' 1.740 ‘ .10885704 - .000056384
6 58 1.763 .12073778 . 04685799
7 60" - 1.778 . . 50447311 .61066429
8 - ' - 0 ' 0
9 - e 0 0
10 - S - 0 0

The linear coefficient 0f11i and®2i are read from Table
VII for n = 10 and n~k = 3, The estimates of the mean and standard
deviation are '

‘ ; o
log <& =%  logyy »O¥1i=1.746,4=55.72 hours
i=l I!_ )
| 7 T P
log & =32 log v; - oC 21 = 8,959-10(~1.041),0=.091 hrs.
. i=1 S
This analysis is based on referemces 6), (7, (8.

..:9..
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: MATH-EMATICAL._‘ DEVELOPMENT
Ao e . N . N

A;“CﬁJCdﬁéd’étméfﬁdd{

. Consider a sample-consisting-of 0 specimens of a char-
acteristic X (a random variable) isuch that X = X, where X, is a
known and fixed terminal point,” When X is norma%ly distributed
with mean_« and standard deviation o , its frequency distribution
function is - L

o C A (XN 2 2 :

D W gy SRR o

and the likelihood functi6ﬁ for & censored sample from this
population may be expressed as 2
N . d

@ P =G

Here'n is the number of ob's’e.i:‘yat:i:cms 'f::(‘)r'. (whi-chj"xﬁ .Xk') and I is the
propoition of the population from Which‘measured”observafions are
possible, . c

o - Let g designate5the terminal pPoint in standard units of
the'population or

¢= (4 -a)/o

and Io When-exprgsséd as-a‘function:of'g becomes

v e

L P [ vhere ¢ (t) = 1 - /2,
- ‘Taking the natural logarithms of (2) and writing L for 1n P,
-~ we. have o ,

. ; ' ‘n
) 'L=-a InI -nilne-min Vor -z Rg-m) /2

Differentiating (5) to derive the maximum likelihood estimates

~of 4 and o, and equating the resulting equations to zero, thereby

obtaini_ng
. o . :
(6) 2L =-nz +1 7 (Fz) -
- 4 o T 1 —%——-)

ClibPD wavw L lastio com L
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whére 7 is\ defined. as
) z(8) = e@UFg)
and from (6) it follows that

. n '
(8) ?’(Xi ~A4)/n = oz

i .
Z & ) /n=d (1 +42

: Us:.ng the equation for the deflnltion_ of moments about the termination
po:Lnt .

9) % = Z (%) |
Then the f’irst-a‘r_l‘rd,"se'cond‘jmoments are

'k Z.‘((Xi‘-Xk)‘-f-n- and from equation' (3)-Y = Kt 08

or 'Vl d(Z+E)

1 d SR 2/‘ o 2n
(10) |, and %=3 (X;-%) " /n = & [1-§ ¢-2)]
 Eliminating ¢ from the two ‘equatioﬁs in (10')gives

(11) + _1-6@E-8 VY2 =0
(- -7/12

in which € 1s the only indép-o-éﬁ.demt \}ariaﬁle.
 If¥is defined as [1 -¥(¥- £5]/ (Y-g) and Y = [h/(1-h)]«
€ (&) /7 (&) |

-11-
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Where ﬁ€= (n=-k)/n
Then tables are available where the best estimate of the mean and
standard deviation are

4= T N¥~K) = X+xd  where A=f (%h)
2 2

and ¥ = szldz, h= n-k
n

c?=.52+ S(Xk~§)2 = 8% +2d

and X\ is a function of ¥ and h, Table V has been reproduced
from the literature to permit ready solution. The use of the
TPables V and the mathematical development was due primarily to
A. C. Cohen, References 2, 3, &and 4, :

"B,

é; K. Gupta's Method -

A second similar derivation is due to A. K. Gupta, Ref.>5,
which yield slightly different equatiomns, but very similar results.
For sake of completeness, the second derivation was also used in
the analysis.

Let X,,X,...X_ be a random sample of sizes “n from a normal
population wi%h %ean_zgand standard deviation ¢ and let x;x -=X
be the censored sample of size k in which x, 1s the greates%
observation. The n-k censored observation dre known to be

greater than xp. The likelihood function in such a sample is

' n 2
| -k 1 s -
¥ o L=__ol (@777 exp[-ﬁz' = | G A0 |y
. _(k-l)! (n-k)! -

[eovzm -1 f

e {70 @ } ]
K
The logarithm of the likelihood function can be written as
1

‘ ‘ 2
" Log L = C-klogo- 2 S(xi2«) + (n-k) log ¢ &)
o .

s ) oo 2

where C is a constant,7 = X, -¢ and Q('r‘) =1 Se %t dt
\ & ) A -
7

o

Let A - $#) Where §@) = | - O
- B W = _

-17-
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The likelihood equations are therefore

(2)  dlog L =-1 T(xi-4) + (m-k) A =0
d4 07 =

(3) plogl =K+1 (x5 w?+ -k)ya=0
Y3 o & . '

Substituting the value of A from equation' (2) in (3) gives
5 .
+ (% 44() + (& -»(() (Xk 'A()

" *
or «= % + (c% - 52)/d

(4) "d + 8

k 2 ko 2 -
Z X s =1 2 (2;-%) , d= (%~%)
i=t L e

where X =

1
k

. Thus, given an estimate of a’,,q can be easily obtained from

equation (4). Estimates are noted by an asterisk throughout the
report. : ' ‘

In order to est:l.mate o, wé rewrite the 11ke11hooc't equations
in the form

- (3) o‘('7+_r,1%1_< A) =

(6) and & +npdo- (2 + d) -
Writing »= 2+ (1 - L)A where p = k equation (5) gives
(7) o= d/z

and substltujz'lng the value of ¢ in equation (6) we have

(8) = “'2—2" = 1-7z-z*

1 +nz

H!

The lefthand side of equation (8) contains only sample
quantities and can easily be calculated. It is always positive and
varies between zero and unity., For a given p, the righthand side
is a function of Values of Zz for different values of are
only needed for the estimation problem. Table I gives the values
of Zz for different wvalues of p and 51/ When p =-1,0, =z =% and

=13~

www . fastio.com
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0  z°- 72
The wvariances: and covariances of the maximum likelihood

estimates are approximated by calculating the expected values
of the following quantities:

o, |
ileel - Z [rrécp o]

_ 2 2
=& log L 2 kx4 (n-k) {1 +/7(A-/7)]
10 ‘ : -y v LT
(10) .fa# N4 ¢t & i ( )

. c2 k +3 k )
.. S _a\ 10 L _—-—2 ——r—— Z X, = N 4 (n.k) 2 +/7(A../7)]

The exact expected values of these quantities cannot easily
be evaluated in small samples, hence,large sample approximations
“have been obtained in the 11m1t When M—>oc s P being fixed. Taking
the 11m1l:s )

2

lim -Q-LE*_L_OL% = p+ 4:07) (A7) = U1l

02 oy 24
a2 2 PR NS
(11) lim - ¢ > log I =-0(7) +H9(»n) (A~z) = V12
P i & s Y T O
. 2 .2 AL A A2 A A
lim - _q_ > lo = 2 p= (77)+ ) (A-p) =V22
o Ampe e o0

(12) where —f Q(t)dt p | ( X1 -"{ JI’? ‘P(t)tdt = -1 Qb(ﬁ)

A

B . 2 7 ~ T
. E("i =4 gﬂt)tt dn—l-l o;«p(oy)

o’-j_j. =[’V’13]
Flar) =g g, u(om =¥,
- R S0 TE

The variances and covaridnces.of the maximum likelihood estimates
from censored samples in terms of ¢s4/n are presented in Table VIII.

-14-
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Thez in Gupta terminology is equivalent to (Y-g) in Cohen's
notation.

Table IX presents the computation using both methods as
applied to the eight sets of data.

«15-
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Variance Factors for Censored

Table II

Samples

Alys

F/
Ay, Ky A, 7 P
4.0  1.00000  -.000006  -500030  ~-.000001  100.00
3.5 1.00001  -.000052  .500208  -.000074 99.98
3’00 1.00010  -.000335  .501180  ~-.000473 99.87
2.5, 1.00056  -.001712  .505280  -.002407 99.38
5'2° 1.00078  -.002312  .506935  -.003247 99.18
_5°3°  1.00107  -.003099  .509030  -.004341 98.93
~3°2  1.00147  -.004121 © .511658  =-.005757 98.61
25°1 1.00200  -.005438  .514926  -.007571 98.21
-5°0  1.00270  -.007123  .518960  =-.009875 97.72
21,9 1.00363  -.009266 ‘523899  -.012778 97.13
1’8 1.00485  -.011971  .529899  -.016405 96.41
2107 1.00645  -.015368  .537141  -.020901 - 95.54
16 1.00852  -.019610  .545827  ~-.026431 9% .52
1.5  1.01120  -.024884 = .556187  -.033181 93.31
1'% 101467  -.031410  .568471  -.041358 91.92
103 1.01914  -.039460  .582981  -.051193 90.32
S1.2 1.02488  -.049355  .600046  =-.062937 88 .49
S1.1 1.03224  -.061491  .620049  -.076861 86 .43
1.0 . 1.04168  -.076345  .643438  -.093252 84.13
0’9" 1.05376  -.094501  .670724  ~-.112407 81.59
0.8 1.06923  -.116674  .702513  -.134620 78.81
~0.7  1.08904  -.1h3744  .739515  -.160175 75.80
2006 1.11442  -.176798  .782574  -.189317 73.57
05" 1.14696  -.217183  .832691  =-.222233 69.15
-0.5  1.18876  -.266577 "891077  -.259011 65.54
2003 1.24252  -.327080  .959181  -.299607 61.79
0.2 1.31180  -.401326 1.03877 - 343800 57.93
_0.1  1.40127  -.492641 1.13198 - 391156 53.98
0.0  1.51709  ~-.605233  1.24145 -.441013 50.00
0.1  1.66743  -.744459  1.37042 - 492483 %6.02
0.3  1.86310  -.917165 1.52288 - . 544498 4207
0.3  2.11857  -1.13214 1.70381 -.595891 38.21
0.4 2.45318  =1.40071 1.91942 - 645504 34 .46
0.5  9.89208  -1.73757 2.17751 -.692299 30.85
0.6  3.47293  -2.16185  2.48793 -.735459 27 .43
0.7  4.24075  -2.69858  2.86318 - 774443 924.20
0.8  5.2612 -3.3807  3.3192 -.80899 21.19
0.9  6.6229 -4.2517  3.8765 -.83912 18.41
1.0 8.4477 -5.3696  4.5614 - .86502 15.69
1.1 10.903 -6.8116  5.4082 -.88703 13.57
1.2 14.224 -8.6818  6.4616 -.90557 11.51
1.3 18.735 -11.121  7.7804 -.92109 9.68
1.4 24.892 -14.319  9.4423 -.93401 808
1.5 33.339 ~18.539  11.550 -.04473 6.68
1.5 _24.139  14.243 -.95361 5.48
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Table II1

variance Factors fo

Y Censored Samples

[}

,11” (k) Alyp /1222 >D V4

1.7 61.132 -31.616 17.706 -.96097 4 46
1.8 83.638 -41.664 22.193 -.96706 3,59
1.9 115.19 -55.252 28,046 -.97211 2.87
2.0 159.66 -73.750 35.740 -.97630 2.28
2.1 222.74 . =-99,100 . 45.930 -.97979 1.79
2.2 312.73 -134.08 59.526 7.98270 1.39
2.3 441,92 -182.68 77.810 -.98514 1.07
2.4 628.58 -250.68 102.59 -.98718 0.82
2.5 £899.99 -346. 136.44 -.98890. 0.62

www . fastio.com

53


http://www.fastio.com/

_
aurod uoTieUTWIGY - 1x «
1L £-2 L0T I-€1
_Is _2-T_ _ 70T -1
02L)07] Z9-¢7 ..muw — S~%T_
89 6€-€1 (00T)007 ~ %-£T
89 T€~€T 86 ¢-€1
c9 05-¢1 86 LTI-CT
9 Z-8 96 £-41
%9 C-% £6 TI-€1
%9 YA 16 AT
£9 SH-¢1 68 ZI-€T
79 Z-% 08 £-€
19 8E-€T 6L | ¢-¢
19 LE-CT 6/ Z-S
19 YE~-€1 8/ -1
19 8T-€1 Ll G-€1
- _19 S-z_ _ Ll _ ByT %G LE-8 1L LE-~T
(09)85| "v=9 (LT | T2zt gh 6€-2 %9 LE-E
LS IH-€1 0L YI-€1 b 9€-1 z9 8¢-¢
og -2 0Z Z-€ ch 8€~9 (09)15 | 6E-/
G¢ Th-CT L9 G-1 rA/] 9€-7 9¢ 0%-¢
701 -8 19 EY-€1 | ¢o7 9-¢T 79 £-¢ ;.IHW.; _lg-7 9¢ 9¢-¢
€0T 0€-€T g 9¢-¢T 28T 8-¢T z9 1-¢ (0%)0% 1 “6t-9 96 0%-1
16 6Z-€T S¢S £E-€T 9% ¢-¢ 19 0Z-¢1 He g€~y %6 0%-¢
z8 - 9Z-¢1 16, 6%-€T LE€T T-#%T 19 S~/ €¢ | 6¢-8 %G lg-1
LL 0T~ 05)os| -4 CGET L~€T 9¢ ¥-¢ £¢ 8€-9 1 _ _wg _9g~2
Ll 64T _ 6% Ze-€1 T€T 8T-¢T c¢ ST-€1 €€ {€-9 (0)6% | T9¢-T
LL =41 g4 8h-¢1T 87T 0T-€1 GS 1-¢ rds 0%-8 €% '] gg-¢
it 9-41 ‘ 84 0%-€1 871 6-€1 H6 I~/ —-TE | _6£-y _ 1% 8¢-¢
Ll LT-€T o €-% 121 6I-€1 [ g% _|_ £2L_ | (0€)6Z| T9c-9 0% 6E-G
€L T-% U 8-4T 8IT - Z-€1 ! (oc 8% Z-1 62 8¢€-¢ mm 8E~T
A Ly-€T 7Y GE-€T Y11 9T-€T 0+ ET-€T 8¢ .| o%-z . | _9¢-¢
ZL ¢-9 b Z-9 11 ZAT N cg v 2¥ 9z 0%-9 «dmmvmm 0%-¢
z1 £€-9 \ 6€ %-8 111 H-¢ Z¢€ €-1 | ¢z 9¢-8 Y€ LE-€
1t ¢-8 L | 1-9 011 Z-%1 0¢ €Z-€1 74 0-% YE 6€-1
17 £-8 BE “ 9h-¢1 011 1Z-€1 81 -1 0¢ LE~Y 97 gc-/
sABg | T | SABG | T i SAvq | .Q.wl$ SAeg | Q T mhmm q T h.:mhmq AT
weajg e o ASTOR o NS Weaqg ISTONR
R TR G TR LN }oeg-g . : A2ES ¢

d0¥Q 'TVIINZIOd OF SAVA W04 viva ISHEL 11T HTIVL

HMMVMSNOQOU

ClibhPDF -


http://www.fastio.com/

76T | €£-2T £8 €£-0T 9Z C1-6 92¢ -t

€T I9e-21T | 9L | _Z¥-0I €2 €-6]_ _ L0T | 1I¥-8 L1€ 7i7-1
0%T [Z€-2T {SI) B89 vE-01 YA £2-6{007) 88T -3 9T¢ -4
8¢T | €2-21 69 S9-01 | 12 | 2I-6 vZAl TH-% 91¢ | Iv-L
, 62T |2¢-21 <9 77-0T {02) 761 TE-6 VA -7 (00EY /82 =T
62T | €1-21 o €1-TT |__ 21 __| €1-6 991 Z¥-9 182 191
(CeT) el T1%-Z1 A9 SI-1T |” ~ Q1™ [ ~ 7% 791 £h-8 9.2 £h-¢
61T |ev-eT | _ 25 _ | ¥I-1T (0D % T-61 85T | 1%-¢ 16¢C 7-¢
L1T | 1e-2T [09) 0¢ ce-01 © 8 ¢-6{0§T) 9%1 T T¥-¢ (A% S=L
LIT | yi-2I 6% 7-11 9 71-6 © GYT 1%7-9 €2¢T 77 -¢
CIT | 1IT1-21 8% C-TT S CE~6 6€T £V ~2 802 Gi7-¢
60T |S%-CT 8%y €-1T S £E-6 Get %9 | 10T | _I¥-§
60T | GE-CT 8y £%-01 S GT-6 621 Z7-% {002)661 CH-¢
€0T |%Z-¢1 Ly 7601 g ¥7-6 G71 ci7-8 LiT 7% -¢
€0T | SI-21 77 Z1-11 -G 12-6 LA £7-9 ALT gh-¢
10T | 12-21 77 7-11 c 116 VAl 7-8 111 v-<
(007) 08 cZ¢-71 A 1-11 S z-6 0Z1 -4 9.1 €h-1
: G/ 7-21 8¢ TT1-11 [4 €6 811 Ch-h ZeT 71-¢
19 €r-271 6¢ T€-0T rA Z€-6 Z1T ¢Hh-9 60T =L
09 rARA 9¢ T%-0T r4 72-6 0/ ch-¥ £¢ G7-1
sAe( *q°I:  sfeq AT sdeq | ‘g1 sdeqg I sde( ‘A3

2aN2 Aep-7€ aano Aep-g 2Ino Avp-g7 “ weals . ISTOH

FSTOR 3o€% 9 NOES [

(*3u02) Jouda

TVIINELOd OL SAVA ¥0d VIVA LSAL III =TqelL

www . fastio.com

ClibhPDF -


http://www.fastio.com/

ChhPDF -

Table IV

Summary of Data Evaluation of Censored Data

_ Termi- Esti- Esti- Esti- Esti-
Test and nation  Percent mated mated mated mated
Sample Size Point  Tested Mean (1) S. D (1) mean(2) S.D.(2)

n: Xk P e 1 i &2
5-sk.-moist 35 20 40.33 5.95
n=20 50 50 49.05 12.93 49,03 12.92
60 85 48.26 11.81 48.34 11.86
| 71 100 48,20 11.94  48.20 11.94
5-sk.-steam 30 35 32.21 5.9% 33.76 5.9%
n=20 40 70 34,36 8.38 34.35 8.38

' 54 100 34,45 8.78 34.45 8.78

6-sk.-moist 50 14 78.79 26,54  78.46  26.45
n=50 75 38 83.56 30.35 84.17 30,57
100 64 87.11 33.72 86.81 33.57

| 163 100 87.28 34.24 87.28 34.24

6-sk.-steam 50 22 58.20 10.64 58.33 10.79
=50 60 38 64. 06 14.93 63.63 14.77
70 66 64 .99 15.34 63.37 14.53
104 100 63.10 14.95 63.10 14.95
7-sk.-moist 200 42 217.00  73.72 223.00  75.92
n=19 300 84  220.16 74.53  220.48 78.58
317 100 216.53 73.49  216.53 73.49
7-sk.-steam 150 60 .152.73 29,29 142.17 29,28
200 90 145.95 33.96  146.97 34,86
326% 100 152.10 51.18% 152.10 51.18%

6- sk-moist
2-day cure 10 65 7.57 4.19 7.62 4.22
n=20 20 80 10.12 8.03 10.13 8.04
26 100 9.95 7.84 9.95 7.84

6-sk,-moist
8-day cure 50 60 48.66 10.01 48.66 10.01
=20 75 90 51.57 14.20 51.59 14.22

: 83 1Q0 51.45 14,23 51.45 14.23
6-sk.-moist :
32-day cure 100 20 166.03 46,99 137.48 55.53

125 70 112.44 27.59  112.47 27.61
154 100 111.20 26,11 112.20 26,11

*Due to extreme value of Sample 20 being 119 days longer than

Sample 19.

2 2

Note:’ Estlmate’((l = X + (O‘-S)/d, %—d/z Z,(4p) obtained

from Table I where ?’ =S /(S +a2 ),

Estimate A{ =X + Ad; 2= §

2

from Table V whereY = Sz/dz,

www fastio.com

+-Ad H

h = 1-P

- (%)

(o,h) is obtained
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Table VI

Error Analysis of Potential Jump Test Data

Percent Coefficient Standard Standard
of A A % of Errox Exror
Test _ Sample ¢ o Variation - of .4 _of&
S5-sk. -moist 20 40.3 6.0 .15 (days) (days
50 49.0 12.9 .26 3.5 3.1 )
85 48.3 11.9 .25 2,7 2.1
100 48.2 11.9 .25 2.7 1.9
5-sk.~steam 35 32.2 5.9 .18 2.6 2.1
70 34.4 8.4 24 2.0 1.6
100 34.5 8.8 .25 1.9 1.3
6~sk.-moist 14 78.8 26.5 .33 16.9 11.0
' 38 83.6 30.4 .36 6.3 5.6
64 87.1 33.7 .38 5.2 4,5
100 87.3 34,2 .39 4.7 3.3
6-sk.-steam 22 58.2 10.6 .18 3.4 2.7
38 64.1 14,9 .23 3.0 2.7
66 65,0 15.3 24 2.2 1.9
_ 100 63.1 15,0 .24 2,1 1.5
7-sk.-moigt 42 217.0 73.7 .33 24,7 22,4
84 220.2 74.5 .36 19.6 15,7
100 216.5 73,5 .34 19,0 l3.3
7-8k.~steam 60 152,7 29.3 .19 7.5 6.7
90 146.0 34.0 .23 8.0 6.0
100 152,1 51,2 24 8.0 5.6
6~sk.moist
2-day cure 65 7.6 4.2 .55 1.0 0.8
30 10.1 8.0 .79 1.8 1.4
100 10,0 7.8 .78 1.8 1.3
6-sk,-moist
x 8~day cure 60 48.7 10.0 .21 2.6 2.3
90 51.6 14.2 .28 3.2 2.3
100 51.4 14.2 .28 3.2 2.2
.~ b-sk,-moist - 20 166.0 47.0 .28
32-day cure 70 112.4  27.6 .25 6.2 4.4
: o0 111.2 26.1 .23 6.2 4.2

Coefficient of Variation = Sl

1({‘ 3
Standard error of.¢= V411 ¢ /n |
Standard error of 3'=‘}u(22 2/1‘1
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TABLE VIIT

Variance and Co-variance of Censored Data Estimates

P oll ol2 o22

.05 51.57600 27.22429 15.68796
.10 17.79459 10.62002 7.51418
.15 9.25870 5.85259 4.84903
.20 5,78039 3.71733 3.53748
.25 4,02381 2,54931 2.76048
.30 3.0199% 1.83219 2.24800
.35 2,39819 1.35740 1.88531
.40 1.99085 1.02593 1.61549
<45 1.71281 0.78527 1.40712
.20 1.51709 0.60523 1.24145
.33 1.37607 0.46736 1.10662
.60 1.27266 0.35982 0.99476
.65 1,19583 0.27471 0.90043
.70 1.13826 0.20657 0.81975
73 1.09492 0.15156 0.74989
.80 1.06232 0.10690 0.68869
.85 1.03797 0.07058 0.63449
.90 1.02008 0.04113 0.58592
.95 1,00752 0.01759 0.54174
.96 1.00559 0.01355 0.05330
.97 1.00384 0.00974 0.52496
.98 1.00230 0.00617 0.51669
.99 1.00099 0.00287 0.50843

ChihPDF - www.fastio.c

)

N


http://www.fastio.com/

65°/¢g 19°/¢
66 9% £€6°6¢

02 %1 e¢ vt
10701 16701

€08 %08
61°% (4

96 €L 98°%¢
6262 8262

A7 8678/
eL gt 6'c/

7E°6T £5 9T
£6°¢1 LL%T
¥9°01 6/°01

CLUEE Lergg
S€°0g L5 0¢
%59¢ %9z

B8 - 8€°g
#6°S - g
811  9g'11
£6°CT £6°¢1

e

i

i

[ |

f ;

_ :

[ ;

M !
48} : aL° E6E" | 6%9° | s¢-ggzy I%°159
LET : 0z" ¥el0® | 80" | occ/ 00°196
15 01" 06" 091" | 29T | gecr1 62 114
8y | 0% 09° (443 160°T ¢€*/g log*zc
0T | 08’ 960° | 901" w #8°8T f917441
L T h 9T | 8ST" | 0% |1g-ce
T . 06° 21 | 907" “ £6°6SL 15 ¢r0¢
(A2 % 09" LSE€" | o%5° | weeso¢ L1°089
0z | 8o 0421 69er | geeoced] gezomg
£Ce : Zy* SSh° | vege S£'%802100 00z

i
€9 | 99* F8C | 068" | £0°/8 |0z c7z
£9 8g " 692" | £9¢° | 0¢/y 8Z2°621T
8s | zz” 68" | 169" | ¢ewz |a1-g¢
98 ¥9° ¢62° | ZI¥' | g9-9cy 956011
8 8€* OTE™ | 0S| 6£977199°z0¢
84 y1° LCE™ | 98%" | 12716 |%6-661
g 0L* S81° | 922" | 09-¢z 725071
€€ T e | vzet | geeg 14T
8% | Gwoz* gg* 662 | Lzv | 6L°¢6 [g9°617
6% | 90z6" 0" L02" | 19z | 6g-9¢ T9°THT
129%* 0z* 9€9° [ oy 6T°€T [96°/
= & KdRz=2( g E&uﬁ. 2Ptz 5=h,PLS=1 25 P
S

BIBQ TPIluajog dunp o5 |anpavoxg w:ﬂHmmmw baxosua)y yo uorleInduwoy

79°5Z | 9£°66
00°1E | 0069

£9°9z | gc gy
ST°L |Gt 7w

T€°¢T | 69°9
80°S | g6
19°09 | 6£°6¢T
80°9Z | z6°¢TT

6T°20T 18°/671
00°0s | 00°p¢T

¥6 91 | 90°c¢
LE'TT | £9°g%
81'9 | ¢8-¢w
I€°€e | 6999
£7°2C | 85°¢¢
Y1 91 | 98°¢g

12°0T | 62762

1'% fog-cz

C8'YT | 8T°¢y
06°1T [ 01°8¢
54°C |st'ee

YA
001

L4
0%

02
01

00¢g
0sT

oog
00z

0L
09
0g
001
0s

0%

-0€

09
0¢
S¢

3In0 Lep-zc
IsTOW Y5 -9

8100 fep-g
I8Tom g5 -g

3Ino fep-z
ISTOW YS -g

0Z=u
LIEERE AT

6T=u
ISTOm NS -4

0G=u
upajs .ummlw

0¢=u
UmﬂOE.&WIm
Gg=u

We9Y§-"yS~¢

"0z=u
ISTOW 35 ¢

om

wawww . fastio.c

ClibPDF -


http://www.fastio.com/

ChihPDF - www .fastio.com



http://www.fastio.com/

	E:\images\000012\00001218.tif
	image 1 of 54
	image 2 of 54
	image 3 of 54
	image 4 of 54
	image 5 of 54
	image 6 of 54
	image 7 of 54
	image 8 of 54
	image 9 of 54
	image 10 of 54
	image 11 of 54
	image 12 of 54
	image 13 of 54
	image 14 of 54
	image 15 of 54
	image 16 of 54
	image 17 of 54
	image 18 of 54
	image 19 of 54
	image 20 of 54
	image 21 of 54
	image 22 of 54
	image 23 of 54
	image 24 of 54
	image 25 of 54
	image 26 of 54
	image 27 of 54
	image 28 of 54
	image 29 of 54
	image 30 of 54
	image 31 of 54
	image 32 of 54
	image 33 of 54
	image 34 of 54
	image 35 of 54
	image 36 of 54
	image 37 of 54
	image 38 of 54
	image 39 of 54
	image 40 of 54
	image 41 of 54
	image 42 of 54
	image 43 of 54
	image 44 of 54
	image 45 of 54
	image 46 of 54
	image 47 of 54
	image 48 of 54
	image 49 of 54
	image 50 of 54
	image 51 of 54
	image 52 of 54
	image 53 of 54
	image 54 of 54


